In this paper we test the weak form of the efficient market hypothesis for Central and Eastern Europe (CEE) equity markets for the period 1999-2009. To test weak form efficiency in the markets this study uses, autocorrelation analysis, runs test, and variance ratio test. We find that stock markets of the Central and Eastern Europe do not follow a random walk process. This is an important finding for the CEE markets as an informed investor can identify mispriced assets in the markets by studying the past prices in these markets. We also test the presence of daily anomalies for the same group of stock markets using a basic model and a more advanced Generalized Autoregressive Conditional Heteroskedasticity in Mean (GARCH-M) model. Results indicate that day-of-the-week effect is not evident in most markets except for some. Overall results indicate that some of these markets are not weak form efficient and an informed investor can make abnormal profits by studying the past prices of the assets in these markets.
Introduction
The last decade has seen a rapid economic growth in the CEE countries and their equity markets.
This growth has been driven by their integration in the European Union and Foreign Direct
Investments inflows (Cartensen and Toubal, 2004; Wolff, 2006) . This development of stock markets increase investment options for investors to diversify their portfolios with a view to include these asset classes in their portfolios. Market efficiency of the markets is of important consideration for asset allocations with global perspective.
Market efficiency has important implication for investors who seek to identify appropriate assets to invest in the equity markets. If the equity market is efficient, an attempt to find miss-priced assets to make abnormal profits do not provide any benefits. In efficient markets, prices of the assets will reflect the best estimate of agents in the market regarding the expected risk and the expected return of the assets taking into account the information known about the asset at the time. Therefore there will be no undervalued assets offering higher than expected returns or overvalued assets offering lower than expected return. All assets in the market will be appropriately priced offering optimal reward to risk. However, if the markets were not efficient investors can enhance their risk-adjusted returns by identifying mispriced assets; buying undervalued assets and shorting overvalued assets.
Efficient market hypothesis (EMH hereafter) can be argued to provide dual function; first as a theoretical and predictive model of the operations of the financial markets. Second function it may serve is as an instrument for impression management campaign to convince more people to invest their savings in the equity markets (Will 2006) .
Understanding of equity markets of the emerging countries is gaining importance with their integration with the developed markets and comparatively free movement of investments across national boundaries. Studies of efficiency in the equity markets among developed countries are numerous and these markets are believed to be at worst weak from efficient and at best semi-strong form efficient. On the contrary studies of market efficiency among emerging markets are few and the results are contradictory.
1 Contribution of equity markets in the process of economic development is much less and that could have resulted in weak markets with restrictions and controls (Gupta 2006) .
Following section covers recent studies of market efficiency in emerging markets, especially eastern and central European markets 2 . Literature review is followed by the methodology used and data description. Section 5 documents the findings followed by conclusions.
Literature Review
Empirical studies on weak form efficiency in emerging Asian equity markets have found mixed results. Chakraborty (2006) , using serial correlation test, runs tests, and variance ratio test, shows that the Pakistan stock market index KSE-100, do not follow the random walk hypothesis. Chang and Thing (2000) show that Lo and MacKinlay variance ratio test rejects random walk hypothesis for Taiwan's Stock market, on the other side that hypothesis cannot be rejected for lower frequency (i.e. monthly and quarterly) returns. Kim and Shamsuddin (2008) using a multiple variance ratio test evaluate the stock market efficiency of nine Asian stock markets grouped in developed, emerging and frontier stock markets. They found that the first and the second one group of stock markets show weak-form efficiency, while the last are found to be inefficient. Mobarek et al. (2008) using parametric and non-parametric tests find that Bangladesh's Stock Exchange (DSE) returns do not follow the random walk model, also the null hypothesis of weak-form efficiency is rejected. AlKhazali et al (2008) try to find evidence of the weak-form efficient market hypothesis in several emerging markets in the Middle-East and North Africa. Using the new Wright (2000) variance-ratio as well as the classical VR test and the runs test, they found that all markets are weak-form efficiency when returns from the indices are corrected for the statistical biases residing within the published indices.
Study on weak form efficiency in Latin America stock markets (Urrutia (1995) , using variance ratio test, showed that Argentinean, Brazilian, Chilean, and Mexican stock prices do not follow a random walk. Whereas Grieb and Reyes (1999) , using variance ratio test, show that Brazilian stock market follow a random walk, while Mexican market does not. Ojah e Karemera (1999), among others using a multiple variance ratio test show that major Latin American emerging equity markets follow a random walk.
Using daily data for several Latin America stock market indices, Worthington and Higgs (2008) examined the weak form market efficiency of several Latin American equity markets. The tests they 2 The review of studies testing market efficiency in the developed markets and early studies of market efficiency in the developing countries have been omitted here for space purposes.
employed include non-parametric and parametric tests, univariate unit-root tests as well as multiple variance ratio test. They conclude rejecting the random walks in any stock market investigated.
Only a few empirical studies have focused on testing the EMH for Central Eastern European equity markets. Nivet (1997) studying the Polish equity index WIG by using its daily returns for the period 1991-1994, shows that the stock market returns do not follow a random walk so the Polish stock market is not efficient in its weak-form. Chun (2000) This appear to be because of, market imperfections which interfere with the rapid processing of information, and infrequent trading day that could produce some predictability in market returns 3 .
The main conclusion of these studies is that Hungarian and Polish equity markets are not yet semistrong efficient. Rockinger and Urga (2000) , evaluate the EMH for several Central Europe equity indexes over the period April 1994 through June 1999 using daily returns: they found that the Hungarian equity market satisfies the weak-form efficiency while the Czech and Polish equity markets are note efficient although moving towards efficiency. Worthington and Higgs (2004) test the random walk hypothesis for both developed and emerging countries (Czech Republic, Hungary, Poland, and Russia) using unit root tests, univariate and multiple variance ratio tests. Among emerging stock markets, only the Hungarian market show evidence of a random walk and hence is a weak-form efficient.
The day of the week effect has been widely studied in developed financial markets (French, 1980; Board and Sutcliffe, 1988; Athanassakos and Robinson, 1994; Agarwal and Tandon, 1994; Kenourgios and Samitas, 2008) . Analysing emerging countries other than the developed countries may provide support for or against the proposition that these anomalies are a worldwide phenomenon. Only a few studies have been conducted on emerging markets. Choudhary (2000) finds presence of the day of the week in some Asian markets by using GARCH methodology: this confirm the proposition that these anomalies of the financial markets characterize not only developed markets but also emerging markets. The same methodology has been used by AlLoughani and Chappell (2001) in order to evaluate the day of the week effect on the Kuwait Stock exchange index. they find evidence that the five trading days follow different processes so confirming the presence of the day of the week effect in the stock market of Kuwait. Bhattacharya et al. (2003) focus on the Indian stock market by examining the day of the week effect in stock market returns and volatility by using a simple GARCH model: they find that returns have significant positive effect on both Thursday and Friday. At the same time the day of the week effect on volatility is observed in both Monday and Thursday 4 .
As a possible explanation of the week effect Fortune (1991) suggest that firms and governments release good news during market trading, when it is readily absorbed, and store up bad news after the close on Friday when investors cannot react until Monday opening.
Because it is reasonable to expect market efficiency as well as day-of-the week effect to evolve over time due to factors such as institutional and regulatory changes, in this study the approach adopted is to partition the sample period into sub-periods on the basis of the accession of these countries to the European Union and observe the changes in test results. Examining the degree of efficiency as well as day-of-the week effect before and after the accession date, we can explore the issue whether the accession has caused stock markets of CEE countries to become more efficient.
Empirical methodology
According to Fama (1970) , market efficiency under the random walk model implies that successive price changes of a stock are independently and identically distributed, so the past movements of a stock price or market cannot be used to predict its future movements. In order to test the weak-form of EMH many techniques have been applied in empirical studies. Following these studies, a set of complementary tests are used to detect the random walk in the returns of the CEE equity markets.
First the parametric autocorrelation test is used to examine whether the consecutive returns are independent of each other. Second a non parametric runs test is also used. Third, the variance ratio tests, are conducted to examine whether uncorrelated increments exists in the series, under the assumptions of homoskedastic and heteroskedastic random walks. Finally, the day of the week effect is tested by using a GARCH (p,q) model.
Autocorrelation test
Autocorrelation is one of the statistical tools that is used for measuring the dependence of a variable on the past values of itself. Autocorrelation measures the relationship between the stock return at current period and its value in the previous period. It is given as follows:
where k ρ is the serial correlation coefficient of stock returns of lag k; N is the number of observations; r t is the stock return over period t; r t-k is the stock return over period t-k; r is the mean of stock returns; and k is the lag of the period. The test aims to determine whether the serial correlation coefficients are significantly different from zero. Statistically, the hypothesis of weak- ) the Q-statistic is distributed as a chi-squared with degrees of freedom equal to the number of autocorrelation (k). If Q-statistic is significantly different from 0, this means that autocorrelation is present in the sample. Such a result would allow us to reject the null hypothesis that price returns are independent.
Runs test
Runs test is a non-parametric test that is designed to examine whether successive price changes are independent. A run can be defined as a sequence of consecutive price changes with the same sign.
The non-parametric run test is applicable as a test of randomness for the sequence of returns. Accordingly, it tests whether returns in emerging market indices are predictable. The null hypothesis for this test is for temporal independence in the series (or weak-form efficiency): in this perspective this hypothesis is tested by observing the number of runs or the sequence of successive price changes with the same sign, positive, zero or negative. (Campbell et al., 1997) . Each change in return is classified according to its position with respect to the mean return. Hereby, it is a positive change when return is greater than the mean, a negative change when the return is less than the mean and zero when the return equals to the mean (Worthington and Higgs, 2004) . To perform the runs test, the runs can be carried out by comparing the actual runs R to the expected number of runs (m) using the following equation:
where N denotes the number of observations (price changes or returns), i the sign of plus, minus, and no change, n i is the total numbers of changes of each category of signs. For a larger number of observations (N>30), the expected number of runs m is approximately normally distributed with a standard deviation m σ of runs as specified in the following formula: 
then the standard normal Z-statistic used to conduct a run test is given by:
where R is the actual number of runs, and 0.5 is the continuity adjustment. As pointed out by Since the distribution Z is N(0,1), the critical value of Z at the five percent significance level is 96 . 1 ± .
Variance-Ratio (VR) tests
The VR procedure (Lo and MacKinlay, 1988 ) is motivated by the fact that the variance of a random walk term increases linearly with time. The VR approach has gained popularity and has become the standard tool in random-walk testing. The VR test is calculated as follows: Under the hypothesis of homoskedasticity, the first test statistic z(q) is expressed as follows:
The second test statistic z*(q) is developed under hypothesis of heteroskedasticity and expressed as follows:
where
and
both the z(q) and z*(q) statistics test the null hypothesis that VR(q)=1 or the chosen index follows a random walk. When the random walk hypothesis is rejected and VR(q)>1, returns are positively serially correlated. As pointed out by Urrita (1995), for emerging markets positive serial correlation in returns could simply describe market growth. When the random walk hypothesis is rejected and VR(q)<1, returns are negatively serially correlated. The situation is often described as a meanreverting process and consistent. This has been interpreted as a signal of "bubble" in emerging financial markets (Summers, 1986) .
Day of the week methodology
Following Al-Loughani and Chappell (2001), we initially use a standard methodology to test for daily seasonality in stock market returns by estimating the following regression model: will use Broch-Dechert-Lebaron-Scheinkman (BDS) test proposed by Brock et al. (1996) . If the null hypothesis of IID is rejected then the residual should contain some hidden, possibly non linear, structure (Al-Loughani and Chappel, 2000) which can be due to the time varying volatility of stock returns data.
Possibility of non-linear relationship is tested by fitting a GARCH-M model (Bollerslev, 1987) to the returns series. Gilmore and McManus (2003) and Poshakwale and Murinde (2001) showed significant GARCH effect of Central European stock markets. The methodology followed by these studies is also adapted here, by applying a GARCH-M (1,1) model with the following specification:
In the equation (11) 
Data
The data set consists of stock market indices for Poland, Hungary, the Czech Republic, Slovakia, Romania, Bulgaria, and Slovenia. The data used are daily price indices 5 and cover the period shows the plot of the return data based on CEE indices covering the aforesaid period. It is clear from this plot that the data exhibit strong volatility. Table 2 (see Annexure A) shows summary statistics for the log of the first differences of the stock price indices (continuously compounding returns 6 ). For the period considered, the CEE stock markets experienced positive returns. The lowest mean return is observed in Slovenia, and the highest mean returns are for the Slovak index returns. The market risk measured using standard deviation is significantly higher in Bulgaria, and lowest in Slovenia. Mean return of the Slovak index is higher than the other indices considered in this study. The standard deviation of the Slovenian index is the lowest as compared with other indices suggesting a lower risk. All indices are negatively skewed and have positive kurtosis indicating a fatter-tailed distribution than normal.
Deviation from normality for all indices are confirmed by the Jarque-Bera test statistic. The leptokurtic behaviour of the data is confirmed by the normal quintile and empirical density graph presented in Figure 2 and 3 (see Annexure B). and Slovakia (0.0015). The highest standard deviation is found on Mondays for Bulgaria. The lowest standard deviation is found on Fridays for Slovenia.
Empirical findings
Although none of the countries here considered is a Euro area 7 member (except for Slovenia), we want to detect if their accession to the European Union as new member states 8 influenced our empirical results. In order to verify this hypothesis, we split our sample in two sub-samples: the first one covers the period before the accession to the European Union, while the other one covers the post accession period.
The first approach in testing for the random walk of the CEE equity market returns is the autocorrelation test with a maximum of 20 lags. Results are summarised in tables 4, 5, and 6
Considering the full sample ( for Bet, Bux, Px50, Sax16, Sbi, and Sofix stock markets: the autocorrelations at all lags are larger with p-value near to zero. This implies that the relationship between the stock returns at current period and its value in the previous period is significant. For the Pre-accession sample returns (table   5) , we reject the null hypothesis of no autocorrelation for Bet, Sbi, and Sofix stock market returns.
This means that the random walk hypothesis is rejected for these markets. The post Accession EU sample estimates (table 6) shows evidence against the random walk hypothesis for all stock returns.
On the basis of the empirical results obtained from the autocorrelation tests for the observed returns, we argue that most CEE markets do not exhibit weak form efficiency, especially after these markets joined the European Union.
The Runs test is considered more appropriate than the autocorrelation test since all observed series do not follow the normal distribution (see the Jarque-Bera tests results in table 2). The results of the runs test for returns on indices for the CEE countries are reported in tables 7, 8, and 9. Considering the full sample (table 7) , the runs test results show that the successive returns for all indices except the Hungarian index, are not independent at 5 per cent level (critical value of -1.96). Pre-accession sample results (table 8) indicate that Bux, Sofix and Wig stock market returns follow a random walk. The main conclusion is that during that time, an opportunity to make excess return using past prices existed in the others stock markets. The period after the accession of these countries to the EU, seem to have improved the overall results; 4 out of 7 stock indices satisfy the random walk hypothesis (table 9). All index returns are independent except the Bulgaria, Romania and Slovenia:
we also note that the z-statistic of the Romania index gives a border line value (table 9). The implication for the efficient market hypothesis of the Bulgaria, Romania, and Slovenia stock markets is that these markets are not efficient since there is a chance that investors could use historical data to earn extraordinary gains by purchasing and selling stocks. Runs test results show that probably joining to the EU led some CEE to improve the efficiency of their equity markets.
The random walk hypothesis for each of the markets is tested using the Variance Ratio test described previously. The results of the variance ratio tests for CEE stock markets are reported in tables 10, 11, and 12. The variance ratio test is conducted using alternative daily intervals (q= 4, 8, 12, 16 , and 20 days) for each index. For all series the differences between z(q) and z*(q) appear to reflect primarily variance clustering, since correcting for heteroskedasticity consistently reduces the size of the variance ratio statistics.
Considering the full sample period (table 10), all estimated value of z(q) and z*(q) indicate that the random walk hypothesis is strongly rejected for Bet stock market index for all five intervals examined. The rejection of the null hypothesis of the homoskedastic but not heteroskedastic random walk is found for Sbi, Sofix, and Wig market returns. These findings indicate the rejection of the null hypothesis of the random walk may be due to heteroskedasticity and therefore they meet at least some of the requirements of a strict random walk. These results indicate that Bet, Sbi, Sofix, and Wig equity markets are not efficient over the period 1999-2009.
Considering Pre-accession EU sample (table 11), we find that RWH is rejected for the Bet returns, and for the Px50 index returns the heteroskedatic random walk hypothesis is rejected but only at higher lags. We also note the rejection of the null hypothesis under homoskedasticity assumption for Sofix returns with lag equals to one. Given that the power of the VR test declines as q increases, so we say that the rejection of the null hypothesis is focused on 2 out 7 indices in the Pre-accession sample.
When the post-accession EU sample is considered (table 12), we find that the RWH is rejected for Sax16, Sbi, Sofix and Wig equity index returns: the rejection seem to be more pronounced for Sax16 and Sofix indices, but less pronounced for Sbi and Wig indices because of the null of a random walk under the assumption heteroskedasticity cannot be accepted at some cases of q.
Moreover the evidence against the null hypothesis under the assumption of heteroskedasticity in the case of Bet and Bux indices is weak because only one rejection for each of them is reported (at q=4 and q=8 respectively). Table 13 reports the day of the week effect in relation to the full sample. The results show that the day of the week effect is not typical for Central and Eastern Europe stock markets except for Polish, Slovakian, and Slovenian stock markets. Polish stock market has positive and significant Friday returns. On Monday Slovenian stock market returns are negative and significant at the 5 per cent and Friday returns are significant but positive. Slovakian stock market has significant and positive Friday returns. Table 13a reports the results of the BDS test to the residuals of the basic model. The calculated zstatistics are quite high, indicating that the null hypothesis of IID is rejected at the 5 per cent level.
Although, we have significant results for some stock markets they are not long-run efficient since we find significant ARCH effects in equation 10 for all stock markets. These findings suggest that variations in daily returns cannot be explained by the basic (linear) model. Finally, the Ljung-Box Q statistics with 35 lags reject the presence of the auto-correlated residuals for the standardized residuals for almost all GARCH-M models estimated.
Conclusions
Our paper investigates the random walk hypothesis as well as the day of the week effect for CEE stock indices by using parametric and non-parametric tests, as well as OLS and conditional variance methodology.
From autocorrelation analyses and runs test we get mixed results: the autocorrelation analysis indicated that the returns of CEE indices are not random walk especially after CEE joined with the EU. Runs test indicates that after joining the EU, CEE stock markets improved their efficiency.
Using the Variance ratio test, we find that after the accession to the EU the random walk hypothesis is rejected for two indices, that are the Sax16 and Sofix, out of seven.
The OLS results for day of the week effect, reveal different patterns of daily anomalies among the CEE equity markets. Friday effect feature predominantly among indices in the full sample.
When the GARCH-M model is employed in the full sample, the day of the week effect is present in both volatility and the returns: particularly Mondays and Tuesdays show significant effect in the volatility equation of four out seven indices. Splitting the sample in the pre-accession and post accession period, we see that in the volatility Monday effect tends to be presents in more indices in the post accession than in the pre accession EU period. Daily returns are computed as R t =ln(P t /P t-1 ), where P t is the price of the index at instant t. The Jarque-Bera statistic tests the null hypothesis of a normal distribution and is distributes as a χ 2 with 2 degrees of freedom. Notes. if the Z-statistic is greater than or equal to ± 1.96, then we reject the null hypothesis at 5% level of significance. ** Indicates rejection of the null hypothesis that successive price changes are independent. 
